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(1987 * 12 ^ 17 H § i) 

!5$-&J£Lfcfc h (Ca 10 (PO 4 ),(OH) 8 JUT, HAp + 

HAp.««8^j| fc „ 200°C, 2MPa, 10 l*W©A#T?*fR£j«Lfc HAp »i, 
ttOfe 25nmx90nm O*t$^ioft^^f *-,t„ 

to HAp JRtt.&offcSSfl'ffj jfcfl-RJR*-** h^isiC>'«&Jx^IsIJff5ii*'OM^^ib, HAp 4><o 
OH- -v-f hjcur <»fio^S*t#*ix, M^-C-H : ' 



Ca,„(PO < ),(OH) I . B1±0 . os (CO a ) 0 . 



095±O.OJ5 



1 



1=1 



t Kp^->7/«M h Ca 10 (PO 4 ) e (OH) 2 OUT, HAp id^ig 

^&f^;KT^;5 ,, o ha p ^t^^o^i^^^o-e 

fc<, ^044#-fe«# < !:U-t:'bfiJ^-C*5fc«) f *©<&j£ifcK: 
oi>tti«*< o«Efidi*So' HAp Ltriilg 

K^;^ HAp fi, ^/t,^ i> a t y vojt (Ca/p it) fc-ft^a 

HAp ttJt^®«0**«c»»#iLT»e>HS*s Ca/PJtW:^ 
i* b%SMoJfc© 1.67 T%<-, — j&KL*/u>* A^fe HAp £p£ 
&HZ> Ca/P < 1.67 ttfE 0 l>»» 0 — -.^Jft^jgJt HAp.tt 

i^i^^#ii*ti|pH5E^ 227 ^^m^^^^sRr 



1) fc<t;ttf, 

&3S^ (1984). 

2) R.Wallaeys, Ann. Chim., 7, 803(1952). 

3) HM£«. Bffc, 1972, 339. 

4) E.P.Egan Jr., Z.T.Wakefield, K.L.Elmore, J.Am. 
Chem. Soc, 72, 2418(1950). 

5) E. C. Moreno, T. M. Gregory, W. E. Brown, /. Res. 
Nat. Bun Stand., 12 A, 773(1968). 

6) A. Perloff, A. S.Posner, Science, 124, 583(1956). 

7) E.Hayek, J. Lechleitner, W. Bohler, Angew. Chem 
67, 326(1955). 

8) J. F. Kirn, H. Leidheiser, /. Cryst. Growth, 2* 111 
(1968). - 

9) M.Mengep, M. L. Harvill, O.R.Gilliam, ibid., 19, 
199(1973). 

10) J. Arends, J. Schuthof, W. H. van den Linden, P. 
Bennema, ibid., 46, 213(1979). 

ID »SW±/ HIW3£», y p 10, 461 

(1975). 



Hx\,>*i>i. &mmxi%- 1£ hap m»mmik *-&j&ufc t ^ $ 
te&b&mmmu ha p 

HAp *Kl*i;h,£ C0 3 2 " KLO^Tfc&WLfco 



2-1 fttBOHtt ' 

HAp Ca iP £ dtfb^fcjrlWt t it %> J: 5 0. 167mol-drir a (O 
Ca(NO B ) 2 -(Si*!**!*, sZ.m¥fW &m9LK 0. l mol-dm" 8 O 

(nh 4 ) 2 hpo 4 (##tt3sx3&. ^mi#e) *sr*sb-?sst u 

% 10 d-e> 10.2 OKlcSMt Lfco £j#Lfc HAp '&*S%4»|c 
^l^^fctt, 1dm 3 O r 7 o t*- * - KA^Lt 5 dm 8 

<Dir- h 9 i^-yWtL (1211 ), p y*|OA^4^H£-e 
lflfrSJfcift 100 @3&»*'4^/t*ife 100— 200X, as»*3KSaC£ET 
"e io KFiffl*i»jaffl'tfco 8Hft4»'ic P H flidiifiT Lfri^ i 5 xt t* 

SOSELfco RMM&ft) 10°C/min triP^ L, ia««IS5ejB ±2°C 
iUP^fC^ppLfco HAp : fi*^7-SWIt?Ty*sT* 

**«tB$*ift:<>i:S4^*iSfeU ffl««t> 60°C -C « jft 4: ff ft: o 
2-2 it m& *t 

-&fltUfc HAp CD CaO ^Sfi EDTA P s O B <frftt* !> .v 

2.3 ^^#TfcJ:V^®g^^ 

^36lfc^*T»t'&'JERLfc HAp 20 mg ^W^^Wl DTA-TG 
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Fig. 1 Schematic illustration of reaction apparatus 

1 : Autoclave, 2 : Heating coil, 3 : Teflon beaker, 
4 : Thermocouple for temperature control, 5 : 
Thermocouple for measurement, 6 : Teflon stirrer, 
7 : Sealed electrode 



10°C/min trfj/iofco ^S^T-i* HAp &j 1 g ^ft^o 
K h *) , 200~1200°C O^ffiiUE-C 15 mfW&m, LtffiS 

2.4 «&£xf&®&T 

U*;fcXiS£rHJifr (XRD) tt^TEffc RU-200 flJJn^E 
40 kV, BUftlflJifa 80 mA t? Cu/T. jR £ * - v * ,/ ^p^-^ 
-*«JflUfcb »^5£«ffl!l5£"Ctt. **5«ffi l/47m"in. ^rffift 5 
»i U-C^M Si (&JRSr^ffl$EBr, 99.99^) *rt««S*£ L, Si 
<Ofe?fe$L a=5.430lA -C 15°<20<7O° o«f O0M^ 

ft^gttffiilSS (002) (25 = 25.8°) isJ:CK (300) (20 = 32.9°) 
OlHl*fiBo*fiW**"E> Scherrcr <0#»iC J: t>»m tfc Q 

zS^rMX*^ * h ^ OR) ii B##* FT-IR3 gJ$r/flv>, 
KBr ftfc'ftTJfjftofco &*5, ?£SEIsJ»M: 300 [alt Lfo, 
HAp t^icSiti* CO,*" ©5£j£K.*i CaCO s ^M^^jMt L 

2.9 £a&B?nmia& 

aiaam^Bafta ctem) aswHM^-.safttt H-700 */g 

l\ JraifiSflE 200 kV T-frfc-^fco 88^*n TEM ^3t*»"bi& 
250 fflOfi^|coi*-CfHH!|L"C*i6Tto 

3 A <h # S 



3.1 <fejM&"*©fctt 

^^-c^^^tfc Lfc HAp ra^/nRofcfciB-e, xrd icfcj&gu 



12) H. P. Klug, L.E.Alexander, "X-Ray Diffraction Pro- 
cedures", John Wiley and Sons, New York (1974) 
p. 618. 
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Fig. 2 X-Ray diffraction patterns of hydroxyapatite 
powders synthesized hydrothermally at various 
temperatures for 10 h 

( a ) as prepared at room temperature 

(b) at 100°C under 0. 1 MPa 

(c) at 150°C under 0. 5 MPa 

(d) at 20.0°C under 2 MPa 
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Fig. 3 Crystallite size of the hydroxyapatite crystals 
synthesized hydrothermally at various tempera- 
tures for 10 h 

O : (002), • : (300) 



«t o-c HAp ©feStt** * < fcst t & fi Cm 2 ) 0 :o 

HAp <D®^& (002) ©|HlJf*^e>*«)fctta^S^ (300) ©0 
Milt'Iftr^ofc (0 3) o ^x*a*0 HAp 

asw^fco ia4Ria*ojajS i fisi^asstEETt? 10 

WLfc HAp © DTA ffijRfc^-fo 100 ° c . 0. 1 MPa *».fctK 
150°C, 0.5 MPa tf*S»I ItWifliRWOjaiqBat 
£ R&j&ijfc 70°C -CR«> * fcjfa 270°C -Cjg jR^Bft&H 

Tteo «**i»5E^o HAp «®#A5JS^bUfcfc«>i#^e>jx, 
W*iW-^5C 4 fCV^o cKi^t-c 200°C, 



Bit, 1988, No. 9 • • 9^ : t.Kp^->7^M h j@®fc*ffi^l,<Dzk#i^j3c 




i , i 1— i i i i i i 



O 100 200 30O 400 500 600 700 800 

Temperature/ w C 

Fig. 4 DTA curves of hydroxyapatite crystals synthe- 
sized hydrothermally at various temperatures for 
10 h 

(a) at 100°C, under 0. 1 MPa, 

(b) at 150°C, under 0. 5 MPa, 
( c ) at 200°C, under 2 MPa 




Fig. 5 TEM photograph of the hydroxyapatite fine 
crystals synthesized hydrothermally at 200°C, 
under 2 MPa for 10 h 



2 MPa -C#LH L*: HAp "CH:, ±Kj&*<tz X 5 fr 5&»M: * o tz < 

10 .BS&3*$*&3ffi Lfc HAp (O XRD f&T^fm a = 

9.420+0.001A, c=6. 880 ±0.0005 A T*£>0, ££fcl$S^3;K-t 
Ca/P JtdHb^SI^JtO 1.67 t^S HAp O^^F^-^O 
fig l0> O=9.426±0.003A, c=6.880±0.003A) ^#^26"CJ:< 
*tl6 L*2 0 131 5 fCC O HAp .W$L=? <D TEM ^K3^*to &Tfi 

£ 3&5fcd» o /Co * * $ ttfi'Mft 25 nm, 90 nm "C, $ £ © 

ISfi^So^^Sfe-Jt <— au 0 *fc, TEM ^:jCd^e>*«>fc 

»U 200°C ^^3gL^^T^jE^^^l>^^J^^L 

c ir aose^ib. *awfti hap r- vd?»e>H 

fcj&\ f&So CO, 2 - ic J: £ ©I ifc % ^ a?> £> H tia-7)o do 

Co, 2 - it^^iAutois^io u±o^*j&»ei, 
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Fig. 6 Aspect ratio distribution of hydroxyapatite 
crystals synthesized hydrothermally at various 
temperatures for 10 h 

: at 100°C under 0. 1 MPa, 

: at 150°C under 0. 5 MPa, 

: at 200°C under 2 MPa 
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Fig. 7 Infrared spectra of the hydroxyapatite fine 
crystals synthesized hydrothermally at 200°C, 
under 2 MPa for 10 h 

3.2 hap <ommmt 

200°C, 2 MPa, 10 B*H J5SS Lfli HAp OflPj&fWo* 

1000°C tofR&M-CkX OH- tCjBH"f* t^Z-bHZ> 650cm- 1 # 

o cos 2 - Ki'sKJR**B«>p>*iVx < 400— 8ob°c cotoM-e 
tat*— 5tiafcofc 0 tfc, 8oo^i2oo a c -c^^^ft n.jb-jc^mr 
AfcfciKAittKK^ Lfc*\ c o c t »i OH: oKHI 
fas^i^^io SbicjnUftSWo (002)^^^^ 

JITS, -f&;b"fc c Wi^lSlOjBfiTg*t 400°G.£ rCi@#flL*:4> 



1568 



B * it £t & 1988 No. 9 



c- 
o 



o 

CO 

< 




4000 3000 1000 

Waven umber/cm -1 



500 



Fig. 8 Infrared spectra of hydroxyapatite crystals 
after heating at various temperatures for 15 h 
in air 

(a) as prepared at room temperature 

(b) 400°C 

(c) 800*0 
( d ) 1000°C 
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Fig. 9 "Lattice parameters, cell volume and afc ratio 
of the hydroxyapatite crystals after heating at 
various temperatures for 15 h in air 
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Fig. 10 Crystallite sizes of the hydroxyapatite crystals 
after heating at various temperatures for 15 h 
in air • 

• : (002), O : (300) 



<DO,-600°C -C^ofcA/Ec^'L, £>tztztf 1200°C t-CJgflnUfc 
■Cia 10)o -co 400— 600°C •CO«'>*t, HAp 
CO, 2 " AliU:a^@t?,^x.bitSo XttlHlJft*-^ 

*f "C^lei^f f - * <H ©JK # o i ft: o tSfeii ^»tf -C*5 ,3) o 

Han icxtikz, $&&?&<omwtiik3-T>'r*<Dmwk 

0 cos 0/ji = 1/37+ e sin 6jX 

ifr*%, * HX^O^S (Cu/r. : 1.5405 A) %- £> £ 0 g| 11 |c 
200*C, 2MPa, 10 ^Ba^^jK Lfc HAp *s X& 600°C, 15 
^iP^^rfCOV^ (002) 3tfJ:0f|^C^ffiKffKi*5 (004) 
(2 0 = 53.2-) OEHliFf^cp sin 0 cos 0/1 O^P y h ^^- 0 
200°C tK^J^C HAp -»!lOt^-CKCh-f*e &*B3^ J5E|ft©]E£ 

fcatfta»%/cvr^ ta^p^tco —Jj, 60o°c jpfv^^o^ 
lcJc5«^5Eft-c <omtm 1.0x10-* ^tOf^i^L 

■C4. isfi^goafttt inm n^smt&Esn^ 

?fri>o fcLhoc: 19 10 fc^Lfc 400—600X1 -co c 



13) W#13A, «#^A. ££3116, • Si? 

KlSff, 93, 548(1985). 
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Fig. 11 Williamson-Hall Plot for hydroxyapatite 
synthesized hydrothermally 

O • As synthesized (no heating) 
• : Heated at 600°C for 15 h in air 




0 200 400 600 800 1000 1200 

Temper a ture/°C 

Fig. 12 Weight loss after heating at the indicated 
temperature for 15 h for the hydroxyapatite 
crystals synthesized hydrothermally at 200°C 
under 2 MPa for 10 h 

&j-m<D^i>m'j?'tz>z tt±, hap <D^$ffl& c toKmmttm 

200~~400°C fltaft»t« 4 ^ i; B» ?>h&)ft» 

ofcav 4oo-80o°c -m*&o.63# (om&m^Tg^hHtc m 
12) 0 ir *> xzfxmm$T<Dffl 1 fefrp > , CO, 2 " o 

3-3 HAp (3#3r*L5&g£3l 

C0 8 2 " HAp O (PO<) -*>f h (OH) h^^E 

zK^£-j£ HAp Ofb^ttOfe* Ca/P 

it*wb^fiii*t?2bofcc a^e?, co a 2 - ♦* (oh) -^-f hfco^^ 



14) W. A. Deer, R.A.Howie, J. Zussman, "Rock-Form- 
ing Minerals'* Vol.5, William Clowes and Sons, Lon- 
don (1962) p. 323. 

is) &mmx, nm&n, it^vmm* 27, 662(1973). 



Table 1 CO s 2 ~ content of the hydroxyapatite fine 
crystals synthesized hydrothermally at 200 
°C, under 2 MPa for 10 h 



Method 

Tr 

Weight loss 
Cell volume 



CO3 2 " content/moI% 



11.0±0. 9 
10. 5±1. 5 
7.0±1.0 



Composition : Ca 10 (PO 4 ) B (OH) 1 . 8l (CO 8 ) 0 . 0 95. 

Ca I0 (PO 4 ) e (OH) x (CO 3 ) y 
y=(2-jc)/2 

iaftSE-c^So Caco, ^ssapftMi L-r«fiiB*ffj«;u IR Si 

Elliott f> 18) fcJ:^-t5jei6 ibit^^ 
^fcSKi**-*-* (OH) HcfftE-f-S CC^fitoK^d^ 

*«>fcM*, J: 400—800*0 Olf^i^ COs 2 " ©JKfliK: 

Ca 10 (P0 4 ) 8 (OH),. 81± o.03(C0 3 )o.095i:O.OI5 

Arends P> 10 ^"fri^K3£d? 0.1% JU±ff^6i HAp 
*ffl*£ H B a <Dffim& X CK-tO IC O l > T f * £lj & ^ L "C I * 

£18)19) 



4 & 



hap aaa^^jssE ufco xaoK, tem, ir * 

CD j&Vfc HAp — h ? \s — y 4> "C 200°C, 2 

MPa, 10 ^p*#T^#4^fe*^2K^31-tSi:, AftS 
^co^ 25nmx90nm ©^ # £ ^ % ofi N 

(2) 200°C, 2 MPa, 10 0$M©&fj=-?*M£j£ Lfc HAp 
^ofb^^T*? J:l>*MSfb^^^i: iJCl 9, HAp 
/f't'ic^iJtaftft© CO a 2 - fri (OH) -^-f hKiff^-rsciA* 
fco C0 3 2 " fi* IR jujg, ^&»^F(*«oiB!l5e*J iOf^fi 



Ca 10 (PO<)e(OH), 



81 ±0.03 



(CO,) 



0.095 ±0.01 5 



16) J.C.Elliott, D.W. Holcomb, R.A.Young, Calc. Tis- 
sue Int., 37, 325(1985). 

17) W. L. Jongebloed, P. J. van den Berg, J. Arends, Zalc. 
Tissue Res., 15, 1(1974). 

is) sfrjft*-:, m'gmn, $ y 96 

(1), 109(1988). 
19) K. Ioku, M. Yoshimura, S. Somiya, "Proceeding of 
International Symposium on Science and Technology 
of Sintering", Tokyo JAPAN, Nov. 4-6, (1987). 
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Hydrothermal Synthesis of Ultrafine Hydroxyapatite Single Crystals 

Koji Ioku*, Masahiro Yoshimura and Shigeyuki Somiya 

Research Laboratory of Engineering Materials and Department of Materials 
Science and Engineering, Tokyo Institute of Technology ; 
Nagatsuta, Midori-ku, Yokohama-shi 227 Japan 

Hydroxyapatite (Ca 10 (PO 4 ) 6 (OH) 2 ; HAp) ultrafine powders synthesized by a wet method 
were treated under hydrothermal conditions. The HAp particles obtained at 200°C under 2 
MPa for 10 h were hexagonal prism-shaped fine single crystals, about 25nmx90nm in size, 
the median aspect ratio obtained from the transmission electron micrograph was 3. 2. 

The quantitative chemical analysis, infrared (IR) spectra and X-ray diffraction (XRD), 
showed the presence of small amounts of CO, 2 * in the OH" site. The HAp could be given 
by the formula : Ca I0 CPO 4 )e(PH), . 81±0. 03 



